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SYSTEM AND METHOD FOR 
SURVEYING WIRELESS DEVICE USERS BY LOCATION 



BACKGROUND 

5 Field of the Invention 

The present invention relates to telecommunication systems, and in 
particular, to a system and method for conducting survey using wireless devices. 
Background of the Invention 
:J^5 The use of wireless devices is increasing at a rapid rate. A majority of the 

Jo people living in large metropolitan areas use one or more wireless devices on a daily 
W basis. These people communicate with each other or access information on the 

Internet using, among other devices, wireless telephones, interactive pagers, 
U personal digital assistants, and handheld computers. As technology continues to 
O improve, wireless devices will become more useful; at the same time, they will 
15 decrease in size and weight, making them more portable than ever. Consequently, 
consumers may carry their wireless devices wherever they go. For some people, 
their wireless devices will become indispensable. 

The widespread use of wireless telephones in the United States has prompted 
the Federal Communications Commission (FCC) to promulgate new rules related to 
20 emergency call processing. The FCC's wireless Enhanced 911 (E911) rules require 
certain Commercial Mobile Radio Services (CMRS) carriers to begin transmission of 
enhanced location and identity information in two phases. The first phase, starting 
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on April 1, 1998, required wireless service providers to transmit a 911 caller's 
number and section of the cell site from which the call is originated to a public 
safety answering point (PSAP), The second phase, starting on October 31, 2001, 
requires all wireless service providers to locate two-thirds of all 911 callers within 
125 meters of their physical locations. In other words, for all 911 calls received, a 
PSAP must be able to pinpoint 67% of the callers within 125 meters. 

Under the FCC rules, wireless communication networks and wireless 
telephones (or any wireless devices that can be used to call 911), must provide both 
the identity and location of the caller to a 911 dispatcher. To provide a caller's 
identity, the wireless device will furnish a device identification, e.g., a mobile 
identification number (MIN), indicating in most instances the telephone number of 
the device. To provide a caller^s location, the wireless communication networks and 
wireless devices will use a network-based location system or a handheld location 
system installed within the wireless devices, or a combination of the two systems. 
An example of a handheld location system is a Global Positioning System (GPS) 
receiver. U.S. Patent No. 5,663,734, which is incorporated herein by reference, 
discloses a GPS receiver and a method for processing GPS signals. 

The E911 mandate has accelerated technological advances in location 
technology. Many new innovations have been achieved to provide solutions to a 
wide range of problems. However, many problems remain unsolved. One of the 
problems that has not been solved is to count the number of people attending an 
event that does not require admission tickets. For example, no one knows how 
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many people gather at the National Mall in Washington, D.C. to enjoy the fireworks 
display on the Fourth of July. Similarly, no one knows how many beach-goers are 
sun bathing on a particular section of a popular beach on a particular day. 

There are a number of existing methods for counting people. One frequently 
5 used method is to count the number of people present within a small unit area, and 
then multiply that count by the total number of unit areas. For example, if there 
are 500 people counted within a 10,000 square-foot area, and there are one milHon 
square feet, the total number of people present within that one million square-foot 
area is estimated to be 50,000. This method is inherently inaccurate because it 
10 erroneously assumes that the density of people throughout the whole area is 

constant. Indeed, at the Fourth of July gathering, for example, areas with a better 
view of the fireworks display tend to be more crowded than other areas. This 
method of counting could also be expensive if aerial photographs must be taken to 
delineate the area in question. In addition, this method takes many hours, and 
15 sometimes days, to complete. 

A reasonably accurate count is useful for several purposes. For example, 
historians and the media need it to document an event while the pohce and event 
organizers use such data to better prepare for future events. In addition, a business 
entity may depend on the count as a basis to justify its advertising campaigns. For 
20 example, an advertiser may find it worthwhile to hire an airplane to pull an 

advertisement banner along a beach if there is a sufficiently large crowd of people 
on the beach. 
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Until now, wireless communication technologies have not been adapted to 
obtain an estimate of the number of people congregated within a geographical area. 
Until now, no wireless devices have been used to survey the opinion of people 
gathered within a certain area. Until now, there is no method for delivering an 
5 instantaneous result for a query broadcast to all people located within a specific 
location. In short, there is not a wireless communications service that can perform 
a variety of surveys via wireless devices. 

0 SUMMARY OF THE INVENTION 

The present invention is a system and method for conducting a survey using 
m wireless devices. The present invention comprises a location server that can 
communicate with a plurality of wireless devices in a wireless communication 
network. The location server comprises a memory, as an integral or separate 
component, for storing information that includes, among other things, location and 
is identity information. The location information can comprise point coordinates, and 
the identity information can comprise Mobile Identification Numbers (MINs). In a 
preferred embodiment, point coordinates associated with a wireless device contain a 
longitude and a latitude. 

The overall system architecture of the present invention further includes a 
20 location system. The location system can provide the location information 

indicating where the wireless devices are. In preferred embodiments, the location 
information can comprise the longitude and latitude of the wireless device. The 



4 



BSOO-067 



location system can be a network-based component. The location system can 
determine the location of a wireless device using known methods. For example, a 
network-based location system could obtain position coordinates of a wireless 
devices using triangulation across cell sites. The location system can also be a 
handheld unit that is part of wireless device. An example of a handheld location 
system is a GPS receiver that is in communication with a constellation of GPS 
satellites. Finally, the location system may comprise both network-based and 
handheld units. In fact, a preferred embodiment of the present invention has both 
network-based and handheld location systems that can provide redundancy and 
increased accuracy. 

A method for using the present invention comprises a number of steps 
described below. First, a survey area is defined. The survey area may be defined by 
using a proper name (e.g., the National Mall), a general vicinity (e.g., within three 
miles of the Atlanta Hartsfield International Airport), or any other definitions. 
Second, the survey area is delineated. Delineation of the survey area may be done 
using any known methods, including the use of at least three nodes each of which 
can comprise point coordinates. Third, at least one antenna can be used to 
broadcast a wireless signal that contains the survey. Fourth, one or more wireless 
devices that received the survey can transmit a response to the location server. The 
response may be created with or without intervention from the user of the wireless 
device. Fifth, location information that pinpoints the location of the wireless 
devices can be generated by a location system. The location information may be 
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transmitted to the location server as part of the response, or it may be transmitted 
separately. Sixth, responses received from wireless devices located outside the 
survey area, if any, can be filtered out. Seventh, the remaining responses received 
from wireless devices located within the survey area can be processed in accordance 
with the survey. Finally, a result of the survey may be compiled and delivered. 

The present invention has numerous embodiments and applications. Each of 
the embodiments comprises one or more of the steps described above. The steps 
may be implemented in any logical order, i.e., the order is not limited to the order in 
which the steps are described above. 

In one aspect of the invention, the response received from a wireless device 
can further include an identification information of the wireless device. 

Accordingly, it is an object of the present invention to augment the utility of 
wireless devices. 

It is another object of the present invention to obtain an instantaneous count 
of the number of wireless devices operating within a survey area. 

It is another object of the present invention to estimate the number of people 
gathered in the survey area. 

It is another object of the present invention to survey the people present 
within the survey area. 

It is another object of the present invention to track the whereabouts of 
wireless devices operating within the survey area. 
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These and other objects of the present invention are described in greater 
detail in the detailed description of the invention, the appended drawings, and the 
attached claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram illustrating an overview of the system 
architecture of an embodiment the present invention. 

Figure 2 is a flowchart illustrating the general steps involved in using an 
embodiment of the present invention. 

Figure 3 is a schematic diagram showing a cell site of a wireless 
communication network. 

Figure 4 is a flowchart iflustrating the step involved in using a first preferred 
embodiment of the present invention in which an intervention from wireless device 
users is not required. 

Figure 5 is a schematic diagram showing a plurality of cell sites of a wireless 

communication network. 

Figure 6 is a flowchart illustrating the step involved in using a second 
preferred embodiment of the present invention in which an intervention from a 
wireless device user is required. 

Figure 7 is a schematic diagram showing a cell site of a wireless 
communication network within which a dispatch system is located. 
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Figure 8 is a flowchart illustrating the step involved in using the third 
preferred embodiment of the present invention as a dispatch system. 

Figure 9 is a schematic diagram showing a plurality of cell sites of a wireless 
communication network serving a large metropolitan area. 

Figure 10 is flowchart illustrating the step involved in using a fourth 
preferred embodiment of the present invention to track movements of wireless 
devices within the large metropolitan area. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a schematic diagram showing an overview of the system 
architecture of an embodiment of the present invention. The present invention 
comprises location server 102, memory 104, at least one of wireless device 110 and 
wireless device 111, and at least one wireless communication link 108. Wireless 
devices 110 and 111 may be any wireless apparatus. For example, wireless devices 
110 and 111 may be wireless telephones, handheld computers, personal digital 
assistants, or interactive pagers. Each of the components described above is a part 
of a wireless communication network 100. 

To track the location of wireless device 110, the system architecture can 
include one or both of network-based location system 106 and handheld location 
system 112. Network-based location system 106 may be an integral or a separate 
component of location server 102. Handheld location system 112 can be an 
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integrated component of wireless device 110. One or both of network-based location 
system 106 and handheld location system 112 can generate location information 
pinpointing the location of wireless device 110, In preferred embodiments, the 
location information comprises point coordinates of wireless device 110. In an 
5 exemplary embodiment of the present invention, the point coordinates can comprise 
a longitude and a latitude, indicating the geographic location of the device. For 
increased accuracy, the point coordinates may further comprise an altitude. 

O In preferred embodiments, the present invention further comprises front end 

130, which is an intermediary wireless network component that connects location 

|£) server 102 to global computer network 140 and public switched telephone network 

III (PSTN) 150. Front end 130 can interface with at least one location server, including 

jit location server 102 and location server 103. As indicated in Figure 1, global 
computer network 140 and PSTN 150 are accessible by various equipment, 

O including computer 141, wireless telephone 142, and wireline telephone 151. 

15 Location server 102 is a server that can receive requests from subscribers to 

survey wireless devices located within a specific area at a specific time. Location 
server 102 in preferred embodiments is a component that is compatible with GPS, 
Geographic Information Systems (GIS), and Wireless Appliance Protocol (WAP). 
Requests from customers may be received via a number of channels, including 

20 through global computer network 140 and PSTN 150. Location server 102 can 
receive, in conjunction with, or in lieu of, voice signals and data messages, a 
response from wireless device 110. The response may comprise one or both of 
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location information and identity information of wireless device 110. Furthermore, 
location server 102 can process the response to accomplish specific goals. For 
example, location server 102 could use the response to count the number of wireless 
devices located within a specific area. Location server 102 could also use the 
5 response to determine, at any given time, the identity of wireless device 110, 
including the telephone number and the name of the user of wireless device 110. 
In preferred embodiments of the present invention, location server 102 is a 
3 Wireless Application Protocol (WAP) server. WAP is an application environment 

and set of communication protocols for wireless devices designed to enable 
IP manufacturer-, vendor-, and technology-independent access to global computer 
tJ network 140 and advanced wireless telephony services. An example of global 
Z: computer network 140 is the Internet. WAP provides wireless Internet access 
Z through digital cellular networks, giving network users a menu driven method for 
□ downloading information, such as flight schedules and bank account balances, to 
15 wireless devices from the Internet. WAP is described in WAP version 1.1, which is 
herein incorporated by reference in its entirety. 

Although shown as a separate component in Figure 1, memory 104 could be 
an integrated component of location server 102. Memory 104 can store, for 
example, the response and other information received by location server 102. In 
20 addition, memory 104 may be populated with, among other things, MINs of wireless 
devices, subscriber information, and a database that contains point coordinates of 
any location served by wireless communication network 100, including point 
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coordinates of all antennas or base stations for broadcasting wireless signals in the 
network. In addition, memory 104 can contain a database associating popular 
places with their location information including longitudes and latitudes. 

Wireless device 110 operates over wireless communication network 100. In 
preferred embodiments, wireless device 110 can provide means by which to 
exchange data. Familiar examples include interactive pagers, wireless telephones, 
personal digital assistants, and handheld computers with text messaging 
capabilities. Preferably, wireless device 110 is a WAP-compatible thin cUent having 
a thin browser adapted to communicate with location server 102 and to access 
global computer network 140. 

Handheld location system 112 and network-based location system 106 can 
provide location server 102 with the location information of wireless device 110. 
Depending on the desired degree of accuracy, one or both of location systems 106 
and 112 can be used to determine the location of wireless device 110. In preferred 
embodiments, both location systems 106 and 112 can be used to provide redundancy 
and increased accuracy. Network-based location system 106 is preferably WAP 
compatible that is capable of generating location information for a plurality of 
wireless devices. Network-based location system 106 may also be a component 
using Geographic Information Systems (GIS) technology. Handheld location system 
112 is preferably a GPS receiver provisioned in wireless device 110. The GPS 
receiver is in wireless communication, via communication link 116, with a 
constellation of GPS satellites including satellite 114. 

11 
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Interactions among the various components described above have a large 
number of applications for wireless communications. For the purposes of 
demonstration, some specific embodiments or examples of how the present 
invention may be implemented are discussed below. Although the examples best 
5 illustrate the present invention, one of ordinary skill in the art would appreciate 
that other embodiments are possible in light of the disclosure. In addition, while 
the system operation described herein and illustrated in the diagrams and 
;Q flowcharts contains many specific details, these specific details should not be 
'H construed as limitations on the scope of the invention, but rather as examples of 
;4o preferred embodiments thereof. As would be apparent to one of ordinary skill in the 

art, many other variations on the system operation are possible, including 
:U differently grouped and ordered method steps. Accordingly, the scope of the 
^ invention should be determined not by the embodiments illustrated, but by the 
:!f appended claims and their equivalents. 

15 Figure 2 is a flowchart illustrating the general steps involved in using an 

embodiment of the present invention. In any specific embodiment, one or more of 
these general steps may be used. Furthermore, each of the general steps may 
include one or more sub-steps. Although these general steps and sub-steps are 
discussed herein sequentially, the steps may be implemented in any combination 

20 and in any logical order to accomplish a specific purpose. Furthermore, specific 
embodiments of the present invention may include additional steps not described. 
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In step 202, a survey area is selected. The selection of the survey area may 
be done by any entity including without limitation, a wireless service provider, a 
customer of the wireless service provider, a local government, the police, the media, 
or any business entities or individuals. For convenience, the entity is referenced 
5 hereinafter as "the subscriber." The selection may be provided by the subscriber to 
a location server (e.g., location server 102 shown in Figure 1) using, among other 
channels of communication, global computer network 140 or PSTN 150. In 

'ill 

preferred embodiments, the selection can be provided to location server 102 via 
l/i front end 130. The subscriber may access global computer network 140 and PSTN 
tp 150 via computer 141, wireless telephone 142, wireline telephone 151, or a 

combination of these devices. The subscriber may provide the name of the survey 
ilj area using various designations, including: a proper name, e.g., "the National Mall 
;D street intersections, e.g., "within 500 feet of the intersection of Peach Road and 

Maple Avenue"; a section of a city, e.g., "the Northwest section of Washington, 
15 D.C."; or a particular floor of a high rise building, e.g., "the fifty -third floor of the 

Empire State Building." 

In step 204, the survey area is delineated. Delineation of the survey area 

may be done using any known methods. One method of delineation is by using 

nodes. At least three nodes are necessary to delineate a two-dimensional area, and 
20 at least four nodes are required to delineate a three dimensional space. Each of the 

nodes comprises point coordinates that are preferably identified by longitude, 

latitude, and, in some cases, altitude of the node. Preferably, the delineation is 
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performed by location server 102 using information stored in memory 104. 
Preferably, location server 102 and memory 104 are adapted to use GIS technology. 

In step 206, a query in the form of a wireless signal can be broadcast over the 
survey area. The query can be structured in accordance with a survey specified by 
5 the subscriber. The query can be broadcast via at least one antenna or base station 
that has wireless coverage over the survey area. Preferably, the identity of the 
antenna can be obtained from a database in memory 104. Depending on the level of 
5 accuracy and desired granularity, each antenna can broadcast the query over a 
iiii macrocell, a microcell, or a picocell. A macrocell covers a relatively large area (e.g., 
iio about 50-mile radius). A microcell covers a smaller area (e.g., about 10-mile radius). 
W A picocell covers an even smaller area (e.g., a tunnel or a parking garage). 
m Depending on the nature of survey, the query may or may not be known to a user of 
In 8l wireless device that receives the query. In some embodiments in which 
O interactions from wireless device users are desirable, the query may be made known 
15 or alerted to wireless device users through ringing or vibration on the wireless 
devices. In addition, the query may be displayed on the wireless devices in 
alphanumeric characters, or recited as a voice recording. 

In step 208, when a wireless device (such as wireless device 110 shown in 
Figure 1) receives the query, it can analyze the query. Wireless device 110 can 
20 determine whether to respond to the query based on the conditions contained in the 
query. If a response is appropriate, the response can be generated in step 210. The 
response may or may not include input from the user of the wireless device 110. 

14 
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However, the response always includes location information. The location 
information can be provided by a location system. The location system may be 
handheld location system 112 or network-based location system 106, or a 
combination of both. The location information preferably comprises position 
5 coordinates of wireless device 110. In preferred embodiments, the position 
coordinates comprise a longitude and a latitude. The response also preferably 
comprises the MIN of wireless device 110. In preferred embodiments, the MIN 
'3 could be used to retrieve the name of the wireless device user from a database. 

In step 212, the response is transmitted to location server 102. Transmittal 
lio of the response may be done automatically, i.e., without intervention or consent of 
W the user of wireless device 110. Alternatively, the transmittal may require an 
m affirmative action by the wireless device user, such as pressing one or more keys on 

wireless device 110. Automatic transmittal is appropriate if the response only 
□ contains the location information. Manual transmittal is necessary if the wireless 
15 device user must supply specific information that is responsive to the query. 

In step 214, location server 102 receives and processes the response. 
Processing of the response may include filtering, which is a determination of 
whether the response is received from a wireless device of interest. For example, if 
the location information indicates that wireless device 110 is not located within the 
20 survey area, the response is not be useful to the subscriber. Filtering may be 

performed using any known methods, the simplest of which is by plotting the point 

15 
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coordinates of wireless device 110 to determine whether it falls within the 

delineated boundaries of the survey area. 

In step 216, location server 102 can use the response to perform an action or 

a series of actions that are tailored specifically for the purposes of the survey. For 
5 example, if the survey is to count how many wireless devices exist within the siirvey 

area, an appropriate action would be to add all responses received from wireless 

devices located in the survey area. As explained in other examples discussed below, 
5 the response could be used for a wide range of purposes. 

ri In step 218, location server 102 can compile a report documenting the svirvey. 

P The report may be in the form of a text file, a voice recording, or in other suitable 

formats. In step 220, the report can be delivered to the siibscriber. The delivery 

may be accomplished via any known channels, including global computer network 
:!fi 140 and PSTN 150. Preferably the report is delivered to the subscriber via the 
□ same channel through which the subscriber had requested the survey. As would be 
15 apparent to one ordinarily skilled in the art, the report can be prepared and 

delivered to the subscriber within seconds after the survey is launched. 

In light of the above disclosure, there are many different embodiments 

through which the present invention may be implemented. Set forth below are four 

specific preferred embodiments of the present invention. 
20 Figure 3 is a schematic diagram showing a cell site of a wireless 

communication network. Cell site 300 may be a macrocell, a microcell, or a picocell. 

Antenna 310 has wireless coverage over the entire cell site 300. A plurality of 

16 
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wireless devices, including wireless devices 320, 321, 322, 330, and 331 are 
operating within cell site 300. Survey area 340, shown in dashed lines, is 
delineated by a plurality of nodes 341. Wireless devices 330 and 331 are located 
within survey area 340, and wireless devices 320, 321 and 322 are located beyond 

5 the boundaries of survey area 340. For convenience and for the purposes of this 
disclosure, cell site 300 is a hexagon having six nodes 301. In reality, cell site 300 
may be an irregular shape depending on radio frequency (RF) pattern of antenna 

C 300 and other factors. 

A Figure 4 is a flowchart illustrating the step involved in using a first preferred 

To embodiment of the present invention in which an intervention from wireless device 

users is not required. There are a number of apphcations for this embodiment. For 

discussion purposes, a specific example is used. In the example, an event organizer 
.L.f (the subscriber) uses the present invention to conduct a survey with a limited 

purpose of counting the number of people attending the Fourth of J uly celebration 
15 at the National Mall. For clarity, references are made to features shown in Figure 1 

and Figure 3. 

In step 342, the subscriber can designate "the National Mall" as the survey 
area. In step 344, the subscriber can provide the survey area to a location server, 
such as location server 102 shown in Figure 1, via a number of methods. For 
20 example, the survey area can be provided using wireline telephone 151 through 
PSTN 150 and front end 130. Front end 130 preferably has a voice recognition 
software that can solicit from the subscriber a plurality of street names surrounding 

17 
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the Mall. In step 346, location server 102 can delineate the survey area. 
Delineation of the area may be done using any knovirn methods. For example, the 
delineation may be done using nodes 341, which define the National Mall as survey 
area 340 shown in Figure 8 in dashed lines. Point coordinates associated with 
nodes 341 can be obtained from a memory storage, such as memory 104 shown in 
Figure 1. The point coordinates of each node 341 preferably comprise a longitude 
and a latitude. For a survey area that is relatively flat, an altitude may not be 
necessary. 

In step 348, a determination can be made to determine which antenna or 
antennas should be used. To that end, location server 102 can search information 
contained in memory 104. For example, location server 102 may find antenna 310 
to be the most appropriate antenna because the entire survey area 340 is within 
wireless coverage of antenna 310. Of course, if appropriate, more than one antenna 
may be used. 

In step 350, location server 102, in conjunction with other appropriate 
wireless communication components including antenna 310, can broadcast a query 
over cell site 300. The query is preferably in the form of a wireless signal which is 
receivable by all wireless devices located within cell site 300, including wireless 
devices 320, 321 322, 330, and 331. In this example, each of these wireless devices 
is equipped with a GPS receiver. 

In step 352, wireless devices 320, 321, 322, 330, and 331 receive the wireless 
signal. The receipt of the wireless signal by each of these wireless devices can 
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trigger the GPS receiver provisioned at each of the wireless devices to generate 
location information in step 354. The location information comprises a longitude 
and a latitude pinpointing the location of the wireless device that generated the 
location information at the time the location information was generated. 
5 In step 356, a response comprising the location information can be 

transmitted by wireless devices 320, 321, 322, 330, and 331 to location server 102. 
In this embodiment, the transmittal of the response can be performed automatically 
5 by wireless devices 320, 321, 322, 330, and 331 because additional information from 
jjj the users of these wireless devices is not needed to complete the survey. 
Iro In step 358, location server 102 receives the response that contains the 

location information. In step 360, a determination can be made on whether the 
response is one that which is desirable by the subscriber. For example, if the 
In location information in the response indicates that the response is received from a 
O wireless device is located beyond the boundaries of survey area 340, for example, a 
15 response received from one of wireless devices 320, 321, and 322, that response is 
considered not desirable. However, if the response is received from one of wireless 
devices 330 and 331, location server 102 may add that response to a cumulating 
count in step 362. The addition of the response may be performed using a summing 
circuit in location server 102. The determination on whether a wireless devices is 
20 located within survey area 340 may be done using any known methods. For 

example, a wireless devices is outside of survey area 340 if all latitudes of nodes 341 
are south of the latitude of the wireless device. 

19 
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In step 364, when all responses received by location server 102 have been 
processed in steps 360 and 362, a total number of wireless devices located in area 
340 is obtained. The number can be an integer value. In step 366, location server 
102 can convert the integer value to the number of persons present within area 340. 
5 For example, if it is assumed that each wireless device found in area 341 represents 
one person, then the integer value obtained in step 364 represents the number of 
persons located in area 340 at the time the survey was conducted. Otherwise, the 
Q integer value may be multiplied by a person-to-device ratio to arrive at the number 
ill of persons. For example, if there is a reliable source indicating that one out of five 
m persons in cell site 300 carries a wireless device at all times, then a person-to-device 
ro ratio of five may be used as the multipher. Finally, in step 368, the count can be 
jr. reported to the subscriber via a voice message through PSTN 150 and wireline 
;n telephone 151. 

i3 Figure 5 is a schematic diagram showing a plurality of cell sites of a wireless 

15 communication network. Survey area 440, indicated in dashed lines and delineated 
by a plurality of nodes 441, is located within wireless coverage of a plurality of cell 
sites, namely, cell sites 400, 401, and 402. Cell sites 400, 401, and 402, are served 
by antennas 410, 411, and 412, respectively. Wireless devices 430, 431, 432 and 433 
are located within survey area 440, and wireless devices 420, 421, 422, 423, 424, 
20 and 425 are located outside of survey area 440. Cell sites 400, 401, and 402 may be 
macrocells, microcells, or picocells, depending on the size of area 440. 

20 



BSOO-067 



Figure 6 is a flowchart illustrating the step involved in using a second 
preferred embodiment of the present invention in which an intervention from a 
wireless device user is required. For discussion purposes, a specific example is 
discussed herein. In the example, a subscriber desires to conduct a presidential 
5 election poll of all wireless device users in survey area 440. In this embodiment, the 
wireless device users cast their informal votes using their wireless devices, and the 
subscriber obtains an instantaneous resiilt of the poll. 
■2 In step 452, the subscriber selects a survey area within which the 

M presidential election poll is to be conducted. In this example, the subscriber selects 
iio survey area 440, which is a large metropolitan area. Depending on the extent of the 
^ survey, the area selected may cover a plurality of cell sites, including cell sites 400, 
iij 401, and 402 shown in Figure 5. In step 454, the survey area is provided to a 
li location server, such as location server 102. The survey area can be uploaded to 
O location server 102 using computer 141 through global computer network 140 and 

15 front end 130. 

In step 456, location server 102 can delineate the survey area. Dehneation of 
the survey area may be performed using any one of several methods. For example, 
the survey area may be delineated using a plurality of nodes 441. Each of nodes 
441 may comprise position coordinates of a coordinate system. Any coordinate 

20 system may be used including, without limitation, an X-Y, or a Cartesian coordinate 
system. In step 458, location server 102 can select one or more appropriate 
antennas. In this example, a plurality of antennas 410, 411, and 412 are selected 
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because together these antennas can broadcast a wireless signal that covers the 
entire survey area 440. Each of these antenna also has point coordinates in the 
same coordinate system. 

In step 460, location server 102 can broadcast a query in the form of a 
5 wireless signal via antennas 410, 411, and 412. The wireless signal may be coded to 
carry a survey comprising one or more questions. The questions may be in a voice 
or text format. An exemplary question may be: "Which candidate are you likely to 
■? vote for? Press or say one for the Republican candidate; press or say two for the 
=;{ Democratic candidate." Another question could be: "What do you consider to be the 
ilfcO most important issue? Press or say one for national defense; press or say two for 
health care." The question may also be an open question, i.e., no choices are 
provided, such as: "Please briefly discuss, by saying or by typing, how a campaign 
In finance reform should be implemented." 

i3 In step 462, when wireless devices 420, 421, 422, 423, 424, 425, 430, 431, 432, 

15 and 433 receive the query, the users of these wireless devices can be alerted to the 
query, either by a ringing tone, a vibration on the devices, or other notification 
features of the wireless devices. The users may then hear or see the question on the 
wireless devices. 

In step 464, the wireless device users can respond to the survey through an 
20 action or an inaction. Some of the users may press or say 1; others may press or say 
2; still others may refuse to participate by pressing other keys or simply ignore the 
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survey. Each action or inaction by the wireless device users can be considered as a 
response. 

In step 466, the response can be transmitted to location server 102. The 
transmittal can be done via known wireless communication techniques. In step 
5 468, a location system, such as network-based location system 106 shown in Figure 
1, can generate location information for each of the wireless devices that 
transmitted a response. Generation of the location information may be done using 
O any known method. In this embodiment, the location information can be generated 
using triangulation among cell sites. For example, the point coordinates of wireless 
iiio device 430 or wireless device 420 may be determined based on distances from 
W antennas 410, 411, and 412. Point coordinates of these antennas may be retrieved 
from a memory, such as memory 104 shown in Figure 1. Alternatively, the location 
■■o information may be generated by a handheld location system, such as a GPS 
O receiver, that is part of the wireless device. The location information preferably 
15 contains point coordinates of the corresponding wireless device using the same 
coordinate system as the point coordinates of the antennas. 

In step 470, location server 102 can evaluate each response to determine 
whether it was generated by a wireless device from survey area 440. The location 
server in essence, filters out any and all responses received from wireless devices 
20 420, 421, 422, 423, 424, and 425. 

In step 472, only responses received from wireless devices 430, 431, 432, and 
433 are processed. Processing of the responses involves categorizing the responses 
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into three groups: (1) the number of users who voted for the RepubHcan candidate; 
(2) the number of users who voted for the Democratic candidate; and (3) the number 
of users who received the survey but did not vote for either candidate. In addition, 
further processing of the responses may be performed, including analyzing which 
5 subsection or subsections of survey area 440 are in favor of one candidate over the 
other. The analysis could be used to formulate a more focused campaign by a 
candidate in one or more of these subsections. In step 474, the result of the survey 
5 can be compiled as a report. Also, in step 474, the report may be delivered to the 
M subscriber via, for example, global computer network 140. 
it€ Figure 7 is a schematic diagram showing a cell site of a wireless 

communication network within which a dispatch system is located. In this 
1;^ embodiment, a response generated by a wireless device further comprises identity 
ki information of the wireless device in addition to location information. The identity 
CJ information may include the MIN or the telephone number, if any, of the wireless 
15 device. The identity information may also comprise the name of the owner of the 
wireless device. The dispatch system of this embodiment may be used, for example, 
by a taxi company to dispatch taxi drivers. The taxi company (the subscriber) may 
use the identity information to contact one or more taxi drivers. As shown in Figure 
7, affiliated wireless devices 530, 531, and 532, as well as non-affiliated wireless 
20 devices 520 and 521, are located within cell site 500. 

Figure 8 is a flowchart illustrating the steps involved in using the third 
preferred embodiment of the present invention as the dispatch system. In step 542, 
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a survey area for dispatching is selected by the subscriber. For example, the survey 
or dispatch area may be "within three miles of the Atlanta Hartsfield International 
Airport." For example, circle 540 may represent the dispatch area. In step 544, the 
subscriber can provide information related to dispatch area 540 to a location server, 
5 such as location server 102 shown in Figure 1. Communication between the 

subscriber and location server 102 may be established via any known method. In 
step 546, location server 102 can delineate dispatch area 540. Delineation of 
■2 dispatch area 540 may be done using any known method. In this embodiment, the 

delineation is done using a circle having a three-mile radius from the center point of 
lio the Atlanta Hartsfield International Airport, which is shown as node 541 in Figure 
ro 7. Preferably, point coordinates of center node 541, can be obtained from a memory 

storage, such as memory 104 shown in Figure 1. 
Jq In step 548, an appropriate antenna can be selected to transmit signals. To 

O that end, location server 102 can search information contained in memory 104, and 
15 it may find antenna 510 to be the most appropriate antenna because the entire 

dispatch area 540 is within wireless coverage of antenna 510. The search may not 
necessary if it is well known that the dispatch area of the taxi company is always 
within the coverage of antenna 510. 

In step 550, location server 102, in conjunction with other appropriate 
20 wireless communication components including antenna 510, can broadcast an 
initial query over cell site 500. The initial query can be in the form of a wireless 
signal encoded such that the initial query is intelligible only by wireless devices 
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that are affiliated with the subscriber, including wireless devices 530, 531, and 532. 
The wireless signal can be encoded such that other wireless devices such as non- 
affiliated wireless devices 520 and 521, will not process the initial query even 
though these wireless devices are located within cell site 500. 

In step 552, affiliated wireless devices 530, 531, and 532 receive and process 
the initial query. The receipt of the initial query by each of the affiliated wireless 
devices can trigger the wireless devices to generate an automatic response in step 
554. The automatic response can comprise location information. The location 
information may be created by a handheld location system. A GPS receiver is an 
example of a handheld location system. In this embodiment, the location 
information comprises point coordinates pinpointing the location of a wireless 
device. The point coordinates preferably comprise a longitude and a latitude. 
Additional information, such as identity information of the affiliated wireless 
device, can then be added to the automatic response. The identity information may 
include, among other things, one or more of the MIN of the affiliated wireless 
device, the telephone number of the affiliated wireless device, and the name of the 
owner of the affiliated wireless device. In step 556, the automatic response can be 
transmitted to location server 102. 

In step 558, location server 102 receives the automatic response. In step 560, 
a determination can be made on whether the automatic response came from an 
affiliated wireless device that is located in dispatch area 540. For example, if the 
point coordinates contained in the automatic response indicate that the automatic 
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response is received from affiliated wireless device 530 that is located beyond circle 
540, that automatic response is considered not desirable. Otherwise, if the 
automatic response is received from affiliated wireless device 531 that is located 
within circle 540, the response is forwarded to be processed in step 562. In step 
5 560, location server 102 could also verify the identity information to make sure that 
it came from a wireless device that is still in affiliation with the subscriber. 
Verification can be done by checking a database accessible by location server 102. 

O In step 562, location server 102, in conjunction with other components of the 

wireless communication network, can initiate a subsequent query directed 

m specifically to affihated wireless device 531. The subsequent query may be a voice 
message or a text message informing the user of affiliated wireless device 531 to 

tZ pick up a passenger at the Atlanta Hartsfield International Airport. 

5 Figure 9 is a schematic diagram showing a plurality of cell sites of a wireless 

O communication network serving a large metropolitan area. Survey area 640, 

15 indicated in dashed lines and dehneated by a plurality of nodes 641a through 641h, 
is located within wireless coverage of a plurality of cell sites 600, 601, and 602. 
Each of the plurality of cell sites is served by antennas 610, 611, and 612. Wireless 
devices 630, 631, 632, and 633 are located within survey area 640, and wireless 
devices 620, 621, 622, 623, 624, and 625 are located beyond the boundaries of survey 

20 area 640. Cell sites 600, 601, and 602 may be macrocells, microcells, or picocells. 

Figure 10 is a flowchart illustrating the steps involved in using a fourth 
preferred embodiment of the present invention to track movements of wireless 
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devices located within a large metropolitan area. For discussion purposes, a specific 
example is discussed herein. In the example, a subscriber desires to track the 
movement of people carrying wireless devices 630, 631, 632, and 633 within survey 
area 640 shown in Figure 9. For instance, the subscriber wishes to know the 
5 distribution pattern of wireless devices 630, 631, 632, and 633 in three sections: 
namely, Sections A, B, and C, defined by nodes 641a-641b-641g-641h, nodes 641b- 
641c-641f-641g, and nodes 641c-641d-641e-641f, respectively. A result obtained 
O fi-om such survey is helpful, for example, for transportation planning purposes. 
■ii In step 652, the subscriber can define a set of parameters for the survey. The 

ip) parameters may include, for example, the number of queries to be broadcast and the 
iy time at which each query is to be broadcast. For example, the subscriber may 

decide that a distribution pattern of wireless devices 630, 631, 632, and 633 for each 
section of survey area 640 is needed every hour on the hour between 5 a.m. and 7 
lE p.m. Each count shows the number of wireless devices 630, 631, 632, and 633 in 
15 each Sections A, B, and C. The set of parameters is then provided to a location 
server, such as location server 102 shown in Figure 1. 

In step 654, the survey area is delineated. For example, nodes 641a through 
641h can be used to delineate survey area 640 and Sections A through C, as shown 
in Figure 9. Sections A, B, and C may represent the residential, business, and 
20 entertainment districts of the metropolitan area, respectively. 

In step 656, a initial query is broadcast. The query is preferably in the form 
of a wireless signal as described in earlier embodiments discussed above. The 
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broadcast is performed via, among other components of the wireless communication 
network, antennas 610, 611, and 612, over the survey area. In this specific 
example, a first query is broadcast at 5 a.m. 

In step 658, a response from each of wireless devices 630 , 631, 632, and 633 
5 is received by location server 102. In step 660, the response can be stored in a 

memory, such as memory 104 shown in Figure 1. In step 662, a determination can 
be made on whether a subsequent query must be broadcast based on the 
Q parameters defined in step 652. The process repeats steps 656 through 662 as long 
ii/j as there is a subsequent query to be broadcast. In this example, these steps are 
|5) repeated every hour on the hour between 5 a.m. and 7 p.m. The last query is 
ttJ broadcast at 7 p.m. 

iirt If; in step 662, it is determined that there is no subsequent query to be 

% broadcast, i.e., it is after 7 p.m., the process moves on to step 664 in which all 
iji responses received in step 658 can be analyzed. The analysis may include, for 
15 example, reviewing the fluctuations of wireless device density in each of Sections A, 
B, and C. The analysis could also provide data on the flow of movements, e.g., do 
people tend to move from Section B to Section A or from outside area 640 in, etc. In 
step 666, a result of analysis is compiled. The result may be presented in the form 
of a table, a chart, or a graph. In step 668, the report can be delivered to the 
20 subscriber. 

The foregoing disclosure of embodiments and specific examples of the present 
invention has been presented for purposes of illustration and description. It is not 
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intended to be exhaustive or to limit the invention to the precise forms disclosed. 
Many variations and modifications of the embodiments described herein will be 
obvious to one of ordinary skill in the art in hght of the above disclosure. The scope 
of the invention is to be defined only by the claims appended hereto, and by their 
equivalents. 
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